of counts detected in SWAP's secondary and primary detectors (Fig. 3B ) provides an approximate measure of ion mass. Ground calibration results for a heavy ion (1 keV N + ) produced a ratio of 2.7, whereas 1 keV H + had a ratio of~1.3. In this interval, the higher-energy ions (hundreds of eV) were primarily lighter ions before and during the intense burst, but the higher-energy ions after the burst were increasingly dominated by heavy ions. These results, and similar ratios seen throughout the tail, show that the tail plasma is a variable mixture of heavy and light ions, as also seen at higher energies (16) .
Another key aspect of the burst (Fig. 3) is that two separate E/q populations are present from 1200 to 1500 UT. These relatively narrow distributions are likely created by two species moving at a common bulk speed such that the E/q spectrum provides a mass per charge (m/q) measurement. The two populations are both light ions, as shown above, and the m/q separation of 3 identifies them as H + and H 3
+
. Although H + could come from either the solar wind or the ionosphere, large fluxes of H 3 + clearly indicate a primarily jovian origin for ions in this interval.
In addition to the quasi-10-hour periodicity seen for days inside of the first magnetopause crossing, this and other crossings ( Overall, our observations show a tremendous amount of structure, from sharp discontinuities up to multiday quasi-periodic variations. One key result is the identification of large plasmoids, containing magnetospheric plasma from both Io and the jovian ionosphere, that move down the magnetotail. Our observations are generally consistent with the theoretical pictures of Vasyliunas (17) and Kivelson and Southwood (18) , where flux tubes carrying plasma sheet material expand as they rotate into the dusk side, stretch down the magnetotail, and eventually pinch off and become ejected. The ions predominantly from Io and Jupiter flow largely antisunward throughout the tail without any obvious evidence for a planetward return flow.
When the solar wind hits Jupiter's magnetic field, it creates a long magnetotail trailing behind the planet that channels material out of the Jupiter system. The New Horizons spacecraft traversed the length of the jovian magnetotail to >2500 jovian radii (R J ; 1 R J ≡71,400 kilometers), observing a high-temperature, multispecies population of energetic particles. Velocity dispersions, anisotropies, and compositional variation seen in the deep-tail ( > 500 R J ) with a~3-day periodicity are similar to variations seen closer to Jupiter in Galileo data. The signatures suggest plasma streaming away from the planet and injection sites in the near-tail region (~200 to 400 R J ) that could be related to magnetic reconnection events. The tail structure remains coherent at least until it reaches the magnetosheath at 1655 R J . (Fig. 1) , as well as heavy oxygen (O) and sulfur (S) ions from Jupiter's moon Io. High fluxes in the proton and electron channels seen before crossing the magnetopause (beginning~05:00 UTC on DOY 56) are associated with either crossing(s) of the jovian bow shock or upstream events as seen previously near Jupiter (9, 10) .
Anisotropies in the electron fluxes in the lowest (~25 to 190 keV) channel (Fig. 2) observed when the spacecraft was spinning are consistent with electrons streaming away from Jupiter (>400 R J from the planet), presumably along a magnetic field distended away from the planet in the distant magnetotail. The return to near isotropy and decrease in intensity began on 12 May and was completed~3 days later, consistent with the magnetopause signature seen by the SWAP instrument (8) .
We analyzed the sulfur-to-oxygen ratio (see also Fig. 3B ) with distance down the tail and found an average value of S/O~0.8, consistent with determinations closer to Jupiter (11) but somewhat higher than the value obtained by Voyager 2 (~0.4) at higher (~500 keV/nucleon) energies (12) . Large fluxes of protons are also present.
The spectrogram (Fig. 1) contains signatures of six events before the MP crossing that indicate dispersion: ions with higher energies and lighter masses seen sooner at the spacecraft (Fig. 3C) . If we assume that the particles are guided by a magnetic field aligned with the Jupiter-Sun line, then the inferred injection sites (Table 1 ) correspond to~200 to 500 R J from Jupiter during the time period from 8 April (DOY 98) through 9 May (DOY 129). The simplest interpretation is that particle acceleration events are occurring in this near-tail region, sending particles in large bursts down the tail (Fig. 3D) . A likely source is magnetic reconnection, part of the energy going into particle streaming and part into the pressure that maintains the tail against collapse.
The temporal separation of these events, as well as the velocity dispersion, provides evidence that they are the same phenomena observed by the Galileo Energetic Particle Detector (EPD) (13) at closer distances (~80 to 115 R J ) in the predawn region of the magnetosphere every~2.6 days (14, 15) (Fig. 3A) . With the Lomb-Scargle algorithm (16-20) , we sought periodicities in the varying PEPSSI particle fluxes. For the DOY 113 to 127 (1220 to 1540 R J ) interval, we found a periodicity of 3.0 ± 0.5 (mean ± SD) days, with a second periodicity at 2.3 ± 0.5 days, consistent with Galileo observations (11, 21) . Independently, the PEPSSI heavy-ion-to-proton ratio exhibits a 3.46 ± 0.10-day period. Anisotropies within the six events are consistent with strong tailward (anti-Jupiter) flow and are dominated by heavy ions (11, 22, 23) .
Flow anisotropies were also seen at greater distances of~170 R J in the predawn magnetosphere by Voyager 1 and 2 (24) . PEPSSI observed these events in the premidnight region, with later events observed when the spacecraft was further north and toward dusk of the presumed tail current sheet than during the Galileo observations. Given the similar periodicities observed by Galileo and New Horizons, this phenomenon appears to occur across the entire magnetotail, although the initiation sites may be farther from the planet before midnight than after.
To estimate the dynamical effect of these particle distributions, we fit PEPSSI data to a model from which density and pressure can be determined (supporting online material). The spatial variations of density and pressure are both well fit by a powerlaw in radial distance r from Jupiter, scaling (figs. S1 to S4) as~r -5/4 and~r -3/2 , respectively. These fits do not account for the bulk of the particle density, which resides at energies below the PEPSSI energy threshold (8); however, this energetic population usually dominates the overall pressure (24, 25) . The derived proton pressure varies between~500 and 2 eV cm −3 , with an average of~40 eV cm −3 (electrons and O and S ions will increase this amount). At Jupiter's location, this is greater than typical interplanetary magnetic field pressures.
The picture emerging from the PEPSSI and SWAP data is that the jovian magnetotail exhibits a dynamic periodicity associated with ejection of plasma. The hot plasma component plays a major role in defining the configuration and extension of the jovian magnetotail, while simultaneously channeling sulfur and oxygen from Io into the outer heliosphere and beyond. Fig. 1 
